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A new method for the preparation of antitumor antibiotic lidamycin 



ABSTRACT 

The present invention relates to a new method for producing a macromolecular antitumor 
antibiotic peptide lidamycin. Because of the non-covalent association of the peptide and 
chromophore in lidamycin molecule, external condition such as organic solvents, pH, eluent, iron 
charateristic, lights and heats, etc. can influence their association and arouse the inactivation of 
chromophore. By use of absorption chromatography on hydroxyapatite column in dark room, to 
short the flow process and operation, the special isolation effects were observed. Not only purity 
and stability but also the antitumor activity of the products were improved. The experiments of 
biological activity by spermatogonial assay and clonogenic assay demonstrated that the activity 
was higher than that of data reported in previous papers, and which showed prominent therapeutic 
effects to hepatoma 22, Lewis lung cancer, and colon carcinoma C26 in mice in vivo. 
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CLAIMS 

1. A new method for producing antitumor antibiotic lidamycin comprises the following main points: 
the lidamycin-producing streptomyces globisporus C-1027 was cultured and fermentated at 
neutral conditions, and the product was obtained after isolation and purification of the active 
substance by hydroxylapatite and Sephadex G-75 column. 

2. The new method for producing antitumor antibiotic lidamycin of claim 1 comprises the 



following steps: the lidamycin-producing strain was cultured on slant of Gause's No.l 
medium at 28°C for 7-10 days; Then a small piece of medium above as the first-class seed 
was inoculated into the medium containing starch, corn syrup, blood peptone, glucose, 
MgS0 4 , KI, corn meal, CaC0 3 , etc, pH 7.0, at 28 °C , and cultured on a rotary shaker for 48 h; 
The obtaining second-class seed was transferred to the same medium and cultured on a 
shaker for 18 h at 28 °C, and the resulting fermentation liquid was obtained after culturing for 
96 h and stirring at 400 rpm by use of fermentation tank. 
3. The new method for producing antitumor antibiotic lidamycin of claim 1 comprises the 
following steps: the fermentation medium of lidamycin-producing strains was centrifuged 
and the supernatant was precipitated by adding ammonium sulfate; then after the ordinal 
steps of desalting by dialysis or ultrafiltration, absorption by hydroxylapatite column, eluting, 
chromatography by Sephadex G-75, eluting for removing impurities, and lyphilization, the refined 
lidamycin with potent antitumor activity was obtained as a white powder. 

SPECIFICATIONS 

The present invention relates to a new producing method for antitumor antibiotic lidamycin. 
The producing strain C-1027 of lidamycin belonged to genus Streptomyces and was isolated from 
a soil sample collected in Qian-jiang county, Hu-nan province, China (The strain was preserved by 
Chinese Academy of Medical Science, Institute of Medicinal Biotechnology). The strain C-1027 
was found from approximate 2,000 fermentation broths of actinomycete strains by use of 
spermatogonia! assay and additionally by use of microbiogical tests. The fermentation broth of 
strain Streptomyces globisporus C-1027 was observed to have not noly activity of antitumor but 
also inhibition the growth of Gram-positive and Gram-negative bacteria (The patent of C-1027 
was applied in Janpan in 1987, application No. 62-160279, and the corresponding Chinese patent 
was also applied in 1987, application No.88 102750.6). The lidamycin with antitumor activity 
isolated from the strain consists of a non-covalent association of peptide and chromophore which 
can be separated. The chromophore is labile and is the main active moiety, and the peptide can 
preserve the activity of the chromophore. However, the existing procedure employed for the 
production of lidamycin was complex and time-comsuming by use of basic anion exchange resin 
for isolation. Lidamycin was prone to be deactivated and its yield was low in the process, which 
directly influenced the antitumor efficacy 

The aim of this invention is obtaining the antitumor antibiotic lidamycin with stability, high 
purity, and better therapeutic effects by improving the production method. 
The main contents and points of the present invention are: 
1. Biological properties of Strain 

The producing strain C-1027 of lidamycin can grow in the usual culture medium used for 
classifying Streptomyces. 

The properties in shape were described: the mycelium was straight to flexious 
appearance(figure 1), the mature spore chain generally had 10 to 30 or more than 30 spores per 
chain, and the spores were cylindrical with smooth surface(figure 2). 

The culture characteristics were shown: pinkish-buff color even hazel color occurred on various 
synthetic or organic agar media; the substrate mycelium was usually colorless, became the color of 
cream in aged cultures, and no soluble pigment and melanin was produced. 

The physiological characteristics were described: the H 2 S production, gelatin liquefaction, skim 



milk coagulation, peptonization, and nitrate reduction were all positive. The strains grew 
abundantly and rapidly when the temperature was 28-32 °C, and no growth were observed at 45 
°C. 

The utilization of carbon sources was shown: L-arabinose, D-xylose, D-glucose, D-fructose, 
L-rhamnose, D-mannitol, and D-galactose can promote the growth of the strain. But for sucrose, 
inositol, lactose, cellulose, dulcitol, and raffinose, etc, there were no effects. 

2. Fermentation 

0.7 ml salt-free water was added into the lyophilized tube containing the lidamycin-producing 
strain, and the obtaining bacterial suspension was inoculated into the slant of Cause's No.l 
medium with a platinum loop and cultured at 28°C for 7-10 days. Then a small piece of white 
aerial mycelium as the first-class seed was inoculated into 100 ml /500 ml culture flask. It could 
contain the following medium: 1% starch, 0.5% corn syrup, 0.5% blood peptone, 0.5% glucose, 
0.02% MgS0 4 , 0,06% KI, 1.5% corn meal, 0.4% CaC0 3 , preparied by adding main water, pH 7.0, 
sterilization at 15 pounds, and cultured for 48 h on a rotary shaker. The obtaining second-class 
seed was transferred into 1000 ml /5000 ml culture flask containing the same medium as the 
first-class one by a volume of 5%, and cultured at 28 °C for 18 on a shaker. Then the fermentation 
liquid was transferred by a volume of 2% into a 200 L fermentation tank containing 100 L of the 
same medium with 0.03% defoaming agent, and cultured for 96 h with a 0.04 tank pressure, 1:1 
airflow, 400 rpm stirring speed, at pH 6.5-7.0, Then the resulting fermention liquid was obtained. 

The biological activity of fermentation liquid was monitored by cylinder plate method and 
using sarcina as a test strain (single layer medium 10ml) . The diameter of anti -bacterial zone was 
20-24 mm, and the results of spermatogonia! assay showed that XI 0,000 (the fermentation was 
diluted 10000-fold ) were still positive. 

3. Separation and extraction 

Lidamycin was the active substance produced from the above-mentioned fermented broth. The 
new separation and extraction processes of lidamycin were performed mainly by 
hydroxylphosphorite column chromatography and gel filtration chromatography. The present 
invention adopted the hydroxyapatite column chromatography mostly considering the fact that 
lidamycin was a kind of unstable compound which was sensitive to ultraviolet light, heat and so 
on. Furthermore, the cromophone easily lost its activity in aqueous solution at room temperature. 
Because the protein peptide and chromophore of lidamycin were connected each other through 
non-covalent bond, so the exterior conditions such as organic menstruum, pH value, ionic strength, 
ion exchange agent, and so on , could affect their binding and trigger the inactivation of the 
chromophore. Hydroxyapatite column chromatography separated the proteins through 
multi-factors according to their affinity against the calcium ions in hydroxyapatite, the isoelectric 
points of the peptide, difference in three-dimensional structures, ionic characteristics of the eluent, 
the interaction between polar groups of proteins and their polar sites in hydroxyapatite, etc. All 
these integrated factors endowed the hydroxyapatite with specific separation efficacy different 
from that of ion exchange chromatography but didn't affect the activity of lidamycin. At the same 
time, the present invention also simplified the manipulation procedures and shortened the 
retention time of lidamycin in aqueous solution as well as possible. All of the manipulation should 
be carried out in the dark, which would protect lidamycin from the inactivation. 

The detailed steps were illuminated. The fermented broth containing lidamycin was centrifuged 



to remove the mycelium. To the supernatant, ammonium sulfate was added to precipitate 
lidamycin. Then, the precipitate consisting of lidamycin was collected by centrifugation and 
dissolved in water or phosphate buffer followed by dialysis or superfiltration to remove the salts. 
The resulting material was further adsorbed by hydroxyapatite and then eluted to remove the 
impurities. The eluate was lyophilized or concentrated by superfilter system and then applied onto 
Sephadex G-75 column to further wipe off the impurities in order to obtain the highly pure 
lidamycin. 

The process flow of preparative methods was showed in Figure 3. 

Accreditation: The white powder of lidamycin was obtained after the lyophilization of the 
refined solution using the above-mentioned methods. 

Lidamycin obtained in present invention belonged to the simple component substance. 
Lidamycin gave a single band on sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) as shown in Figure 4 and a single peak on high pressure liquid chromatography 
(HPLC) as revealed in Figure 5. In addition, capillary electrophoresis also showed a single peak in 
Figure 6. All of these data indicated the homogeneity of lidamycin. 

For the physicochemical properties, lidamycin obtained in the present invention was accordance 
with lidamycin reported in the literature. 
4. Determination of the Activity 
Spermatogonial Assay 

The male Kunming mice were injected intratesticularly with different dose of lidamycin for 
each spermatospore testes. Day 3 after injection, mice were sacrificed and the specimens of 
testes were fixed, embedded, sliced, stained and finally observed microscopically. Results showed 
that lidamycin exhibited an extremely inhibitory effect on the spermatospores with a minimal 
effective concentration of 0.001 jig/mL which was 3.9 fold stronger than that of lidamycin (0.0039 
jtig/mL) reported in the literature. 
In vitro Clonogenic Assay 

Tumor cells were seeded in 96-well plates with 50 cells per well. After incubation of 24 hours, 
various concentration of lidamycin was added into the well. Seven days after cell seeding, cell 
colonies were counted under an inverted microscope. Results indicated that lidamycin was 
extremely potent against cultured human tumor cells with the cytotoxic activity of 10" 16 mol/L 
such as human nasopharyngeal cancer KB cells, human hepatoma BEL-7402 cells, human colon 
carcinoma HT-29 cells, human gastric cancer BGC-823 cells and so forth, as displayed in Table 1 . 
The antitumor activity of lidamycin prepared in the present invention was much stronger than that 
of lidamycin reported in the literature. For KB cells, the concentration for 50% colony inhibition 
(IC 50 ) of lidamycin in this invention and the previous literature were 2.6* 10" 16 mol/L and 
l.OxlO" 12 mol/L (0.0001 ^ig/mL), respectively. The corresponding IC 50 values were 1.1><10" 16 
mol/L in this inwention and 1.3 xlO" 11 mol/L in the previous literature for HT-29 cells. The IC 50 
values of lidamycin reported in the literature were 3 orders of magnitude more than those of 
lidamycin prepared in this invention. 



Table 1 In vitro antitumor activity of lidamycin (determined by clonogenic assay) 



Human tumor cell lines 


The concentration for 50% colony inhibition (mol/L) 


Nasopharyngeal cancer KB cells 


2.6xl0" 16 


Colon carcinoma HT-29 cells 


1.1x10 !6 



Hepatoma BEL-7402 cells 


3.2xl0" 16 


Gastric cancer BGC-823 cells 


1.9xl0 16 



In vivo Therapeutic Efficacy on the Transplantable Colon Carcinoma in Mice 

A small piece of tumor tissue from murine colon carcinoma 26 was subcutaneously 
inoculated into the axilla of the B ALB/c mice. After 24 h inoculation, different dose of lidamycin 
was administered intravenously once or three times with a 3 -day interval. Ten days after tumor 
inoculation, the mice were executed and the tumor cakes were weighed. Further, the tumor 
inhibition rates were calculated. Experimental results indicated that lidamycin showed a 
remarkable therapeutic efficacy against murine colon carcinoma. The tumor inhibition rate was 
84% for the single injection with the dose of 0.15 mg/kg, while the tumor inhibition rate was 94% 
for the three-time administration with the dose of 0.1 mg/kg. Next, the therapeutic protocols with 
the equal toxicity dose method (quarter of lethal dose LD 50 or eighth of lethal dose LD 50 ) were 
compared for single intravenous administration. As shown in Table 2, the tumor inhibition rates of 
lidamycin were evidently higher than those of epirubicin and mitomycin C that were the clinically 
frequently-used antitumor drugs when the injection doses of drugs were equivalent to the quarter 
or eighth of lethal dose LD 50 . 



Table 2 Effect of lidamycin, epirubicin and mitomycin C on murine colon carcinoma 26 
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Lidamycin 


0.1 


1/4 


76 




0.05 


1/8 


70 


Epirubicin 


5.2 


1/4 


48 




2.6 


1/8 


38 


Mitomycin C 


1.2 


1/4 


42 




0.6 


1/8 


39 



Studies on the Pharmacodynamics and Acute Toxicity 

Results indicated that lidamycin showed a highly therapeutic efficacy against murine hepatoma 
H22 and Lewis lung cancer. The LD50 value of lidamycin injected intravenously was 0.4 mg/kg m 
the acute toxicity test. The ED 50 value (50% of tumor inhibition rate) of lidamycin against 
hepatoma H22 was 0.013 nig/kg and the chemotherapeutic index was 31. The LD 50 value of 
mitomycin injected intravenously was 5 mg/kg and its ED 50 value was 0.78 nig/kg against 
hepatoma H22 with the chemotherapeutic index of 6.4. So, the chemotherapeutic index of 
lidamycin was remarkably higher than that of mitomycin. 
Advantages and Active Effect of the present invention 

The preparative procedures offered in the invention patent were 4 steps shorter than those 
reported in the literature. The product was provided with better stability, higher purity and 
production rate. 14.5 mg of lidamycin could be achieved in one liter of fermented broth which was 
1.3-fold higher than that was ever reported (6.2 mg/L) . It was the lower cost, shorter procedures 
and higher productivity that reduced the means of production. Additionally, the product also 
showed very strong activity. In terms of IC50 values of cloning producing, the cytotoxicity of 
lidamycin was 1000-fold more potent than that of lidamycin ever reported in the literature. 



Spermatogonia! assay revealed that the inhibition rate of lidamycin to spermatospores was 
3.9-fold stronger than that of lidamycin prepared using the existing techniques. 

New Method of Lidamycin Preparation Implemented in the Present Invention. 

0.7 mL of salt-free water was added into the freeze-drying tube containing the 
lidamycin-producing strain to form the suspending solution. The resulting solution was inoculated 
onto the slant of Gauze No.l agar medium with a platinum loop and cultured at 28°C for 7-10 days 
when white aerial mycelia grew good on the surface of medium. A small piece of medium 
containing spores and aerial mycelia was inoculated into 100 mL of the first-grade seed medium 
consisting of starch 1%, corn syrup 0.5%, blood peptone 0.5%, glucose 0.5%, MgS0 4 0.02%, KI 
0.06%o, corn meal 1.5%, and CaC0 3 0.4%, pH7.0, sterilization at 15 pounds in a 500-mL 
Erlenmeyer flask. The flask was incubated at 28 °C for 48 hours on a rotary shaker. Then, 5% of 
seed culture thus obtained were transferred to 1000 mL of the fermentation medium as the same as 
the seed medium in a 5000-mL Erlenmeyer flask. The 5000-mL flask was incubated at 28 C for 18 
hours on a reciprocating shaker to form the second-grade seed. The fermented broth needed was 
obtained through 96-hour fermentation in a 200-L fermentation tank with the cultured conditions 
composing of fermentation medium 100 liters, inoculation amount 2%, antifoam agent 0.03%, 
pressure 0.04 MPa, temperature 28°C, agitation rate 400 rpm, airflow 1/1 and pH 6.5-7,0. 

10 liters of fermented broth were centrifuged. The supernatant was adjusted to pH 4.0 with HC1 
and 4.5 kg 0 f ammonium sulfate were added. The mixture was stirred for 3 hours at 8°C. 
Precipitated lidamycin was separated by centrifugation at 8000 rpm, 4°C, 15min. The precipitate 
was dissolved in 200-mL cold distilled water followed by dialysis and centrifugation to remove 
the indissoluble. The resulting supernatant was applied on the hydroxyapatite column. After the 
elution with phosphate buffer (0.001M, pH6.8), the active fractions were lyophilized and 1500 nig 
of crude material were obtained. Next, this crude material was dissolved in water and 
chromatographed on Sephadex G-75 column. 145 mg of white powder lidamycin with highly 
effective antitumor activity were obtained after the lyophilization of the active fractions. Results 
showed that its physicochemical and biological properties were the same as those depicted before. 

The Description of the Attached Figures 

Figure 1 The spore filaments of lidamycin-producing strain C-1027 (x400) 
Figure 2 The spore morphology of lidamycin-producing strain C-1027 ( x 1200) 
Figure 3 New process flow chart of lidamycin preparation 

Figure 4 Analysis of lidamycin by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

Lane 1, lidamycin; Lane 2, the standard proteins. 
Figure 5 HPLC chromatograpm of lidamycin 
Figure 6 Analysis of lidamycin by capillary electrophoresis 
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